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METHOD AND SYSTEM FOR
THREE-DIMENSIONALLY
RECONSTRUCTING NON-RIGID BODY
BASED ON MULTI-DEPTH-MAP

RELATED APPLICATIONS

This application claims the benefit of priority of Chinese
Application No. 201310150796.4 filed Apr. 26, 2013.

FIELD

The present disclosure relates to a computer vision field,
and more particularly relates to a method and a system for
three-dimensionally reconstructing a non-rigid body based
on a multi-depth-map.

BACKGROUND

A three-dimensional reconstruction is a key issue in a
computer vision field. A high-quality three-dimensional
model has important applications in fields like entertain-
ments, protection of historical relics and machining. How-
ever, the high-quality three-dimensional model is usually
obtained by using an expensive laser scanner, which ensures
an accuracy but has two defects: first, a scanned object is
required to be absolutely static during a scanning process,
because any slight movement may lead to an obvious error
of a scanning result; and second, the laser scanner is too
highly priced to popularize.

SUMMARY

The present disclosure seeks to solve at least one of the
above problems.

According to a first aspect of the present disclosure, a
method for three-dimensionally reconstructing a non-rigid
body based on the multi-depth-map is provided. The method
comprises: obtaining a plurality of depth maps by shooting
the non-rigid body in different postures and from different
angles; transforming each depth map to one group of three-
dimensional point clouds and obtaining a plurality of match-
ing point pairs among a plurality of groups of three-dimen-
sional point clouds; conducting a position transformation for
each matching point and obtaining a transformation param-
eter corresponding to the each matching point after the
position transformation; mosaicing all transformation
parameters to obtain a mosaicing result and constructing an
energy function according to the mosaicing result; and
solving the energy function to obtain a solution result and
reconstructing a three-dimensional model of the non-rigid
body according to the solution result.

In one embodiment, the plurality of depth maps are
obtained by using a depth camera to shoot the non-rigid
body.

In one embodiment, the method further comprises acquir-
ing an intrinsic matrix of the depth camera.

In one embodiment, the each depth map is transformed to
the one group of three-dimensional point clouds according
to the intrinsic matrix.

In one embodiment, the each depth map is transformed to
the one group of three-dimensional point clouds by a trans-
formation formula: P/=K~'(u, v, d_(u, v))?, where u,v are
pixel coordinates, d_.(u,v) is a depth value of the pixel (u,v)
on a ¢c” depth map, and K is the intrinsic matrix.

In one embodiment, conducting a position transformation
for each matching point and obtaining a transformation
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2

parameter corresponding to the each matching point after the
position transformation comprises: calculating a rotation
matrix and an offset vector of the each matching point;
obtaining a position transformation equation of the each
matching point according to the rotation matrix and the
offset vector; and obtaining the transformation parameter
corresponding to the each matching point according to the
position transformation equation.

In one embodiment, the position transformation equation
is: p'=Rp+t, where p is the matching point, R is the rotation
matrix and t is the offset vector.

In one embodiment, the energy function is:
X=argminyo, B +aF+0,E, . where B, is a topology con-
straint, E, is a feature constraint, E, is a nearest point
constraint, and a.,, a.-and o, are weighting coeflicients of E,,,
E,and B, respectively.

In one embodiment, the energy function is solved by a
linear least square method.

With the method for three-dimensionally reconstructing
the non-rigid body based on the multi-depth-map according
to embodiments of the present disclosure, a plurality of
depth maps are obtained by using the depth camera to shoot
the non-rigid body in different postures and from different
angles, and a three-dimensional modeling for the non-rigid
body is achieved based on the plurality of depth maps. Input
information required by the method is easy to collect and a
complete high-accuracy three-dimensional model may be
obtained. Furthermore, the method is accurate and robust in
solving and may eliminate influences resulting from an error
accumulation. In addition, the method is simple and fast to
operate, and thus it has a broad application prospect and may
be applied by a hardware system such as a common PC
(personal computer) or a workstation.

According to a second aspect of the present disclosure, a
system for three-dimensionally reconstructing a non-rigid
body based on a multi-depth-map is provided. The system
comprises: a depth camera, configured for obtaining a plu-
rality of depth maps by shooting the non-rigid body in
different postures and from different angles; a matching
module, configured for transforming each depth map to one
group of three-dimensional point clouds and obtaining a
plurality of matching point pairs among a plurality of groups
of three-dimensional point clouds; a transforming module,
configured for conducting a position transformation for each
matching point and obtaining a transformation parameter
corresponding to the each matching point after the position
transformation; a mosaicing module, configured for mosaic-
ing all the transformation parameters to obtain a mosaicing
result and constructing an energy function according to the
mosaicing result; and a three-dimensional reconstructing
module, configured for solving the energy function to obtain
a solution result and reconstructing a three-dimensional
model of the non-rigid body according to the solution result.

In one embodiment, the system further comprises an
acquiring module configured for acquiring an intrinsic
matrix of the depth camera.

In one embodiment, the matching module comprises: a
transforming unit configured for transforming the each depth
map to the one group of three-dimensional point clouds
according to the intrinsic matrix; and a first obtaining unit
configured for obtaining the plurality of matching point pairs
among the plurality of groups of three-dimensional point
clouds.

In one embodiment, the each depth map is transformed to
the group of three-dimensional point clouds by a transfor-
mation formula: P ’=K~(u, v, d_(u, v))*, where u,v are pixel
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coordinates, d_(u,v) is a depth value of the pixel (u,v) on a
c” depth map, and K is the intrinsic matrix.

In one embodiment, the transforming module comprises:
a calculating unit configured for calculating a rotation matrix
and an offset vector of the each matching point; a second
obtaining unit configured for obtaining a position transfor-
mation equation of the each matching point according to the
rotation matrix and the offset vector; and a third obtaining
unit configured for obtaining the transformation parameter
corresponding to the each matching point according to the
position transformation equation.

In one embodiment, the position transformation equation
is: p=Rp+t, where p is the matching point, R is the rotation
matrix and t is the offset vector.

In one embodiment, the energy function is:
X=argmin,o, B +oF+0, B, where B, is a topology con-
straint, B, is a feature constraint, E, is a nearest point
constraint, and a.,, a.-and o, are weighting coeflicients of E,,
E,and E, respectively.

In one embodiment, the energy function is solved by a
linear least square method.

With the system for three-dimensionally reconstructing
the non-rigid body based on the multi-depth-map according
to embodiments of the present disclosure, a plurality of
depth maps are obtained by using the depth camera to shoot
the non-rigid body in different postures and from different
angles, and a three-dimensional modeling for the non-rigid
body is achieved based on the plurality of depth maps. Input
information required by the system is easy to collect and a
complete high-accuracy three-dimensional model may be
obtained. Furthermore, the system is accurate and robust in
solving and may eliminate influences resulting from an error
accumulation. In addition, the system is low in cost and fast
in operation, and thus it has a broad application prospect and
may be realized by a hardware system such as a common PC
or a workstation.

Additional aspects and advantages of the present disclo-
sure are given in the description below and part of the
additional aspects and advantages will become apparent
from the description below or become appreciated through
the practice of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of embodiments
of the present disclosure will become apparent and more
readily appreciated from the following descriptions made in
conjunction with the accompanying drawings, in which:

FIG. 1 is a flow chart of a method for three-dimensionally
reconstructing a non-rigid body based on a multi-depth-map
according to an embodiment of the present disclosure; and

FIG. 2 is block diagram of a system for three-dimension-
ally reconstructing a non-rigid body based on a multi-depth-
map according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
in detail in the following descriptions, examples of which
are shown in the accompanying drawings, in which the same
or similar elements and elements having same or similar
functions are denoted by like reference numerals throughout
the descriptions. The embodiments described herein with
reference to the accompanying drawings are explanatory and
illustrative, which are used to generally understand the
present disclosure. The embodiments shall not be construed
to limit the present disclosure.
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In the specification, terms concerning attachments, cou-
pling and the like, such as “connected” and “intercon-
nected”, refer to a relationship in which structures are
secured or attached to one another either directly or indi-
rectly through intervening structures, as well as both mov-
able or rigid attachments or relationships, unless expressly
described otherwise. Unless specified or limited otherwise,
the terms “mounted,” “connected,” “supported,” and
“coupled” and variations thereof are used broadly and
encompass both direct and indirect mountings, connections,
supports, and couplings. Further, “connected” and
“coupled” are not restricted to physical or mechanical con-
nections or couplings.

A method and a system for three-dimensionally recon-
structing a non-rigid body based on a multi-depth-map
according to embodiments of the present disclosure are
described in conjunction with the accompanying drawings.

FIG. 1 is a flow chart of the method for three-dimension-
ally reconstructing the non-rigid body based on the multi-
depth-map according to an embodiment of the present
disclosure. As shown in FIG. 1, the method comprises the
following steps.

At step S1, a plurality of depth maps are obtained by
shooting the non-rigid body in different postures and from
different angles.

Specifically, the plurality of depth maps may be obtained
by using a depth camera to shoot the non-rigid body, that is,
the plurality of depth maps may be collected by using the
depth camera to shoot a same non-rigid object in different
postures and from different angles.

At step S2, each depth map is transformed to one group
of three-dimensional point clouds and a plurality of match-
ing point pairs are obtained among a plurality of groups of
three-dimensional point clouds.

In one embodiment of the present disclosure, the method
further comprises acquiring an intrinsic matrix of the depth
camera. Thus, the each depth map is transformed to the one
group of three-dimensional point clouds according to the
intrinsic matrix by a transformation formula: P_/=K~'(u, v,
d_(u, v))”, where u, v are pixel coordinates, d_(u,v) is a depth
value of the pixel (u,v) on a ¢ depth map, and K is the
intrinsic matrix.

To be specific, for example: if there are N depth maps, the
N depth maps d (u, v) are input, where c=1, 2, . .., N Then
for a given intrinsic matrix, the each depth map may be
transformed to the one group of three-dimensional point
clouds by using the above formula.

At the beginning, a correspondence relationship (i.e., a
matching point pair) of feature points among the groups of
the three-dimensional point clouds is specified manually by
a user. Because there are fewer feature points but there are
many regions with a same geometric distribution, it is hard
to realize the match by using a full-automatic matching
algorithm. Thus, an accurate high-quality three-dimensional
reconstruction effect may be realized by only manually
specifying the correspondence relationships of a few feature
points. In one embodiment, a corresponding point pair set is
expressed as F={{If=(p_", p.”™)}, which represents that an
m” point of a ¢® frame is corresponding to (i.e., matched
with) an m"” point of a ¢'” frame.

At step S3, a position transformation is conducted for
each matching point and a transformation parameter corre-
sponding to the each matching point after the position
transformation is obtained.

In a specific example, conducting position transformation
for each matching point and obtaining a transformation
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parameter corresponding to the each matching point after the
position transformation may comprise the following steps.

At step S31, a rotation matrix and an offset vector of the
each matching point are calculated.

At step S32, a position transformation equation of the
each matching point is obtained according to the rotation
matrix and the offset vector, in which the position transfor-
mation equation is: p'=Rp+t, where p is the matching point,
R is the rotation matrix and t is the offset vector.

At step S33, the transformation parameter corresponding
to the each matching point is obtained according to the
position transformation equation.

That is, after the above corresponding points (matching
point pairs) are specified, respective frame of point cloud
starts to be mosaiced in a full-automatic manner. In this
embodiment of the present disclosure, the transformation
parameters of all frames of point clouds may be jointly
solved by an overall joint transformation mosaicing method,
which avoids an error accumulation resulting from aligning
frame by frame.

To be specific, the rotation matrix R and the offset vector
t are solved for each point p in the point cloud, then a
transformed position for the point p is expressed as: p'=Rp+t.
Further, in order to realize a fast linear solution, an approxi-
mation is conducted as follows for the position transforma-
tion equation by using an exponential mapping method:

p'=Rp+i=(I+5)p,

where I is a four-dimensional unit matrix, p is a homoge-
neous coordinate of p and

0 -w, w, v
N w, 0 —w, »
&= ,
—-wy Wy 0 v
0 0 0 1
and then

(1+£)p is transformed as follows:

Io=w, owy vy
Px

Py

—Wy V2

—-w, Wy 1 v

100 0 p
=010 -p, O
001 py

-p,
Px
-px 0

For the each point, an unknown parameter to be solved is
a six-dimensional transformation parameter x=(v,, v,, Vs,
W W, w,)~.

At step S4, all the transformation parameters are mosaiced
to obtain a mosaicing result and an energy function is
constructed according to the mosaicing result, in which the
energy function is: X=argmin,o B +oF+o, E,, where E, is
a topology constraint, E, is a feature constraint, E, is a
nearest point constraint, and @, o and o, are weighting
coeflicients of E,, E,and E, respectively.
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Specifically, transformation parameters x of all the points
are mosaiced to form an X. X is a solution that may enable
the energy function X=argminyo. E +o B +0,E, to reach a
minimum.

In one embodiment, E=2_ V2 _ " . . lk-x]|? The
topology constraint E_ guarantees that a transformation
parameter X, of each point p, in the point cloud of each frame
is as close as possible to a transformation parameter x; of a
neighboring point p; of the each point p,, thus keeping an
original topology for the point cloud.

In one embodiment, E=X, J€F||xi(pl.)—xj(pj)||2. The feature
constraint E, guarantees that a position of the point p, after
a position transformation is as close as possible to a position
of the point p, after a position transformation, x,(p,) repre-
sents a target position of the point p, after a transformation
X,, and x,(p,) represents a target position of the point p; after
a transformation x;.

In one embodiment, En:ZclefZile“||xi(pl.)—xnn(i)(pnn(i))

The nearest point constraint E,, guarantees a fine align-
ment of the point clouds. Specifically, it is required that for
each point p, in the point cloud seeks a point p,,,(,, in other
frames of point clouds nearest to the point p,, and a target
position x,(p,) of the point p, after the transformation x, is as
close as possible to a target position X,,,,.y(P,..;)) of the point
DPrungy after the transformation x,,,, .

At step S5, the energy function is solved to obtain a
solution result and a three-dimensional model of the non-
rigid body is reconstructed according to the solution result.
In one embodiment, the energy function may be solved
quickly and efficiently by using a linear least square method.
The position of each point is updated according to the
solution result. As it is provided that a nearest point is a
corresponding point in the nearest point constraint, only by
multiple iterative solutions, an ultimate correct position may
be reached.

With the method for three-dimensionally reconstructing
the non-rigid body based on the multi-depth-map according
to embodiments of the present disclosure, a plurality of
depth maps are obtained by using the depth camera to shoot
the non-rigid body in different postures and from different
angles, and a three-dimensional modeling for the non-rigid
body is achieved based on the plurality of depth maps. Input
information required by the method is easy to collect and a
complete high-accuracy three-dimensional model may be
obtained. Furthermore, the method is accurate and robust in
solving and may eliminate influences resulting from an error
accumulation. In addition, the method is simple and fast to
operate, and thus it has a broad application prospect and may
be applied by a hardware system such as a common PC
(personal computer) or a workstation.

In addition, with the method according to embodiments of
the present disclosure, the depth camera is used to scan the
body (e.g., object) in different postures and from different
angles to obtain the depth maps, and the transformation, the
mosaicing and the alignment of the point clouds may be
realized by the algorithm in a full-automatic manner. Com-
pared with a conventional method for three-dimensionally
reconstructing the non-rigid body using the depth camera,
the greatest advantage of the method according to embodi-
ments of the present disclosure is that it may be applicable
to a dynamic human body scanning or a general non-rigid
body scanning.

A system for three-dimensionally reconstructing a non-
rigid body based on a multi-depth-map is further provided.
FIG. 2 is a block diagram of the system for three-dimen-
sionally reconstructing the non-rigid body based on the
multi-depth-map according to an embodiment of the present
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disclosure. As shown in FIG. 2, the system 200 comprises:
a depth camera 210, a matching module 220, a transforming
module 230, a mosaicing module 240, and a three-dimen-
sional reconstructing module 250.

The depth camera 210 is configured for obtaining a
plurality of depth maps by shooting the non-rigid body in
different postures and from different angles. The matching
module 220 is configured for transforming each depth map
to one group of a three-dimensional point clouds and obtain-
ing a plurality of matching point pairs among a plurality of
groups of the three-dimensional point clouds. The trans-
forming module 230 is configured for conducting a position
transformation for each matching point and obtaining a
transformation parameter corresponding to the each match-
ing point after the position transformation. The mosaicing
module 240 is configured for mosaicing all the transforma-
tion parameters to obtain a mosaicing result and constructing
an energy function according to the mosaicing result. The
three-dimensional reconstructing module 250 is configured
for solving the energy function to obtain a solution result and
reconstructing a three-dimensional model of the non-rigid
body according to the solution result.

In one embodiment, the system 200 further comprises an
acquiring module 260 configured for acquiring an intrinsic
matrix of the depth camera.

In one embodiment, the matching module 220 comprises:
a transforming unit configured for transforming the each
depth map to the one group of three-dimensional point
clouds according to the intrinsic matrix; and a first obtaining
unit configured for obtaining the plurality of matching point
pairs among the plurality of groups of three-dimensional
point clouds.

In one embodiment, the each depth map is transformed to
the group of three-dimensional point clouds by a transfor-
mation formula: p_=K~!(u, v, d_(u, v))%, where u, v are pixel
coordinates, d_(u, v) is a depth value of the pixel (u, v) on
a ¢ depth map, and K is the intrinsic matrix.

In one embodiment, the transforming module comprises:
a calculating unit configured for calculating a rotation matrix
and an offset vector of the each matching point; a second
obtaining unit configured for obtaining a position transfor-
mation equation of the each matching point according to the
rotation matrix and the offset vector; and a third obtaining
unit configured for obtaining the transformation parameter
corresponding to the each matching point according to the
position transformation equation.

In one embodiment, the position transformation equation
is: p=Rp+t, where p is the matching point, R is the rotation
matrix and t is the offset vector

In one embodiment, the energy function is:
X=argmin,o, B +oF+0, B, where B, is a topology con-
straint, B, is a feature constraint, E, is a nearest point
constraint, and a.,, c.-and o, are weighting coeflicients of E,,,
E,and E, respectively.

In one embodiment, the energy function is solved by a
linear least square method.

With the system for three-dimensionally reconstructing
the non-rigid body based on the plurality of depth maps
according to embodiments of the present disclosure, a plu-
rality of depth maps are obtained by using the depth camera
to shoot the non-rigid body in different postures and from
different angles, and a three-dimensional modeling for the
non-rigid body is achieved based on the plurality of depth
maps. Input information required by the system is easy to
collect and a complete high-accuracy three-dimensional
model may be obtained. Furthermore, the system is accurate
and robust in solving and may eliminate influences resulting
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from an error accumulation. In addition, the system is low in
cost and fast in operation, and thus it has a broad application
prospect and may be realized by a hardware system such as
a common PC or a workstation.

In addition, with the system according to embodiments of
the present disclosure, the depth camera is used to scan the
body (e.g., object) in different postures and from different
angles to obtain the depth maps, and the transformation, the
mosaicing and the alignment of the point clouds may be
realized by the algorithm in a full-automatic manner. Com-
pared with a conventional system for three-dimensionally
reconstructing the non-rigid body using the depth camera,
the greatest advantage of the system according to embodi-
ments of the present disclosure is that it may be applicable
to a dynamic human body scanning or a general non-rigid
body scanning.

Reference throughout this specification to “an embodi-
ment,” “some embodiments,” “one embodiment”, “another
example,” “an example,” “a specific example,” or “some
examples,” means that a particular feature, structure, mate-
rial, or characteristic described in connection with the
embodiment or example is included in at least one embodi-
ment or example of the present disclosure. Thus, the appear-
ances of the phrases such as “in some embodiments,” “in
one embodiment”, “in an embodiment”, “in another
example,” “in an example,” “in a specific example,” or “in
some examples,” in various places throughout this specifi-
cation are not necessarily referring to the same embodiment
or example of the present disclosure. Furthermore, the
particular features, structures, materials, or characteristics
may be combined in any suitable manner in one or more
embodiments or examples.

Although explanatory embodiments have been shown and
described, it would be appreciated by those skilled in the art
that the above embodiments cannot be construed to limit the
present disclosure, and changes, alternatives, and modifica-
tions can be made in the embodiments without departing
from spirit, principles and scope of the present disclosure.

2 <

2

What is claimed is:
1. A method for three-dimensionally reconstructing a
non-rigid body based on a multi-depth-map, comprising:

obtaining, by a depth camera, a plurality of depth maps by
shooting the non-rigid body in different postures and
from different angles;

transforming, by a processor, each depth map to one
group of three-dimensional point clouds and obtaining
a plurality of matching point pairs among a plurality of
groups of three-dimensional point clouds;

conducting, by the processor, a position transformation
for each matching point and obtaining a transformation
parameter corresponding to the each matching point
after the position transformation;

mosaicing, by the processor, all transformation param-
eters to obtain a mosaicing result and constructing an
energy function according to the mosaicing result,
wherein the energy function is:

X = argmine. E, + arEf + B,
X

where E, is a topology constraint, B, is a feature con-
straint, B, is a nearest point constraint, and c,, o and
a,, are weighting coefficients of E,, E,and E,, respec-
tively; and
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solving, by the processor, the energy function to obtain a
solution result and reconstructing a three-dimensional
model of the non-rigid body according to the solution
result.

2. The method according to claim 1, further comprising
acquiring, by the processor, an intrinsic matrix of the depth
camera.

3. The method according to claim 2, wherein the each
depth map is transformed to the one group of three-dimen-
sional point clouds according to the intrinsic matrix.

4. The method according to claim 3, wherein the each
depth map is transformed to the one group of three-dimen-
sional point clouds by a transformation formula:

PI=K M und (u)”

where u, v are pixel coordinates, d_(u, v) is a depth value
of the pixel (u, v) on a ¢” depth map, and K is the
intrinsic matrix.

5. The method according to claim 1, wherein conducting,
by the processor, a position transformation for each match-
ing point and obtaining a transformation parameter corre-
sponding to the each matching point after the position
transformation comprises:

calculating, by the processor, a rotation matrix and an

offset vector of the each matching point;

obtaining, by the processor, a position transformation

equation of the each matching point according to the
rotation matrix and the offset vector; and

obtaining, by the processor, the transformation parameter

corresponding to the each matching point according to
the position transformation equation.

6. The method according to claim 5, wherein the position
transformation equation is:

p'=Rp+t

where p is the matching point, R is the rotation matrix and
t is the offset vector.

7. The method according to claim 1, wherein the energy

function is solved by a linear least square method.

8. A system for three-dimensionally reconstructing a

non-rigid body based on a multi-depth-map, comprising:

a depth camera, configured for obtaining a plurality of
depth maps by shooting the non-rigid body in different
postures and from different angles;

a processor; and

a memory for storing instructions executable by the
processor;

wherein the processor is configured to:

transform each depth map to one group of three-dimen-
sional point clouds and obtaining a plurality of match-
ing point pairs among a plurality of groups of three-
dimensional point clouds;

conduct a position transformation for each matching point
and obtaining a transformation parameter correspond-
ing to the each matching point after the position trans-
formation;

10

15

20

35

40

45

55

10

mosaic all transformation parameters to obtain a mosaic-
ing result and constructing an energy function accord-
ing to the mosaicing result, wherein the energy function
is:

X = argmine. E, + arEf + B,
X

where E, is a topology constraint, B, is a feature con-
straint, B, is a nearest point constraint, and c.,, .. and
a,, are weighting coefficients of E,, E,and E,, respec-
tively; and

solve the energy function to obtain a solution result and

reconstructing a three-dimensional model of the non-
rigid body according to the solution result.

9. The system according to claim 8, wherein the processor
is further configured to acquire an intrinsic matrix of the
depth camera.

10. The system according to claim 9, wherein the pro-
cessor is configured to transform each depth map to one
group of three-dimensional point clouds and obtaining a
plurality of matching point pairs among a plurality of groups
of three-dimensional point clouds by steps of:

transforming the each depth map to the one group of

three-dimensional point clouds according to the intrin-
sic matrix; and

obtaining the plurality of matching point pairs among the

plurality of groups of three-dimensional point clouds.

11. The system according to claim 10, wherein the each
depth map is transformed to the one group of three-dimen-
sional point clouds by a transformation formula:

PI=K wvd (uy)”

where u, v are pixel coordinates, d_(u, v) is a depth value
of the pixel (u, v) on a ¢” depth map, and K is the
intrinsic matrix.

12. The system according to claim 8, wherein the pro-
cessor is configured to conduct a position transformation for
each matching point and obtaining a transformation param-
eter corresponding to the each matching point after the
position transformation by steps of:

calculating a rotation matrix and an offset vector of the

each matching point;

obtaining a position transformation equation of the each

matching point according to the rotation matrix and the
offset vector; and

obtaining the transformation parameter corresponding to

the each matching point according to the position
transformation equation.

13. The system according to claim 12, wherein the posi-
tion transformation equation is:

P'=Rp+t
where p is the matching point, R is the rotation matrix and
t is the offset vector.

14. The system according to claim 8, wherein the energy

function is solved by a linear least square method.

#* #* #* #* #*



